Monetary policies, either actual or perceived, cause changes in monetary interest rates. These changes impact the economy through financial institutions, which react to changes in the monetary rates with changes in their administered rates, on both deposits and lendings.
Introduction
Monetary policies, such as variations in the official rate or liquidity injections, cause changes in monetary interest rates. These changes impact the economy mainly in an indirect way, through financial institutions, which react to changes in the monetary rates with changes in their administered rates, on both deposits and lendings.
The dynamics of administered bank interest rates in response to changes in money market rates is essential to examine the impact of monetary policies on the economy. This dynamics has been the subject of an extensive literature; the available studies differ, depending on the used models, the period under analysis and the geographical reference.
The relationship between market rates and administered rates is a complicated one and the evidence presented, thus far, is mixed and inconclusive (for an overview see, e.g., Borio and Zhu, 2012) . Hannan and Berger (1991) , for example, examine the deposit rate setting behaviour of commercial banks in the United States and find that (a) banks in more concentrated markets exhibit greater rates rigidity; (b) larger banks exhibit less rates rigidity; and (c) deposit rates are more rigid upwards than downwards. Scholnick (1996) , similarly, finds that deposit rates are more rigid when they are below their equilibrium level than when they are above; his finding on lending rate adjustment, however, is mixed. Heffernan (1997) examines how the lending and deposit rates of four banks and three building societies respond to changes in the base rate set by the Bank of England and finds that (a) there is very little evidence on the asymmetric nature of adjustments in both the deposit and lending rates, (b) there is no systematic difference in the administered rate pricing dynamics of banks and building so-cieties, and (c) the adjustment speed for deposit rates is, on average, roughly the same as that for loan rates.
The empirical evidence contained in more recent papers on the same issue, such as Ballester et al. (2009) , Chong et al. (2006) , Demirguc-Kunt and Huizinga (1999) , Flannery et al. (1984) , Maudos et al. (2004) , Maudos et al. (2009) , can be summarized in the following points: (a) bank rates react with a partial and delayed change to changes in the monetary rates; (b) the speed and the degree to which they follow these changes present substantial differences between the various categories of banking products and between different countries.
The previous conclusions have been obtained for a relatively stable time period, previous to the emergence of the recent financial crisis.
After 2008, however, we have observed substantial changes. From a macroeconomic viewpoint, monetary interest rates are now, in most developed economies, close to zero, or negative; from a microeconomic viewpoint, bank management has changed substantially, for the compression of interest margins and for the increase in regulatory capital requirements. The effects of the previous changes on the transmission of monetary policies have not been yet fully investigated. In particular, the current state of close-to-zero interest rates is of particular relevance, and, to our knowledge, Parisi et al. (2015) is the only paper that has concentrated on this topic, in a classical linear regression framework.
In the Eurozone, the sovereign debt crisis has increased the heterogeneity of financial conditions in the Eurozone, making the transmission of the monetary impulse less uniform across euro-area countries (see, e.g., Draghi, 2012) . In particular, Neri (2014) has demonstrated that sovereign debt tensions have had a substantial impact in the transmission mechanism of monetary rates in peripheral countries, while such a change can not be detected in core ones. However, the analysis proposed by Neri (2014) only concentrates on the impact of sovereign bond interest rates on bank administered rates within a static framework, without considering time-varying relationships as well as different macroeconomic indicators.
The aim of this paper is to broaden the models of Neri (2014) and Parisi et al. (2015) , introducing a hierarchical time dynamics able (a) to capture the evolving relationship between bank rates and monetary rates, taking into account correlation effects between different kinds of loans within each country; (b) to understand how country-specific macroeconomic factors may have differently affected the monetary transmission across european countries and how such relationships have changed over time; (c) to provide better results in terms of both in-sample tests and out-of-sample predictions.
The proposed methods are applied to data from the recent period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , for core (France, Germany, the Netherlands) and peripheral (Ireland, Italy, Portugal, Spain) countries.
The effect of monetary policies is studied for three categories of loans: (a) loans to non-financial corporates up to 1 Mln euros; (b) loans to non-financial corporates over 1 Mln euros; (c) loans to households for mortgages.
The paper is structured as follows. Section 2 describes the proposed models and, in particular: Section 2.1 describes the theoretical framework; Section 2.2 introduces the new proposed models, with Subsection 2.2.1 concentrating on seemingly unrelated dynamic models and Subsection 2.2.2 describing hierarchical dynamic processes. Section 2.3 provides the parameters estimation techniques and the predictive performance environment used to compare the models. Section 3 shows the empirical evidence obtained from the application of the models and, in particular: Section 3.1 describes the available data; Section 3.2 presents the results obtained with the seemingly unrelated dynamic model; Section 3.3 presents the results obtained with the hierarchical dynamic model; Section 3.4 shows predictive performances and compares the models. Finally, Section 4 concludes with some final remarks.
Methodology

Theoretical Framework
In line with the contribution of Chong et al. (2006) , the relationship between monetary rates and administered bank rates can be analyzed with the Error Correction Model (ECM), following the procedure proposed by Engle and Granger (1987) . The model is based on two equations. A long-run relationship, which provides a measure of how a change in the monetary rate is reflected in the bank rate. A short-run equation, which includes an error correction term, which evaluates variations of the administered interest rates as a function of variations in the monetary rates. Parisi et al. (2015) analyzed and extended Chong et al. (2006) , by proposing an alternative one-equation model. More precisely, they assumed that bank interest rates depend on their previous level, to allow for a slow and partial reaction of bank rates to monetary rates changes. Thus, they modeled bank administered interest rates as a function of monetary rates, their variations and the previous level of bank rates. Their complete model, that in the next Sections will be called the Parisi et al. model, can be formalized as follows:
(2.1)
In equation (2.1) BR t and M R t represent, respectively, the bank administered rates and the monetary rates at time t; β is a regression coefficient that gives a measure of the extent of the monetary rate transmitted on bank rates in a long-term perspective; γ is the coefficient that explains the influence of the variations of monetary rates on the bank rates levels; δ weights the autoregressive component BR t−1 ; k is a constant that summarizes all other factors that, in addition to the dynamics described by the regressors, may affect the transmission mechanism of the monetary policy on bank rates as, for example, the market power and the efficiency of a bank; finally, ǫ t is the error term. Neri (2014) proposed a model that, differently from Chong et al. (2006) and Parisi et al. (2015) , explains bank rate dynamics as a function of exogenous variables, different from the monetary rate. More precisely, he establishes a relationship between lending rates (BR k j,t , with j = country, k =type of loan) and the spread between the yields on government bonds and the 10-year swap rate (R 10 j,t−1 − R 10,swap t−1 ), as follows While both (2.1) and (2.2) extend Chong et al. (2006) , they still do not account for time-dependent parameters and, therefore, they need to introduce time-windows and dummy variables in order to consider changes in time.
In this paper, we overcome this issue by introducing dynamic models, which not only allow to derive time-varying relationships without imposing ex-post dummies, but also enable the prediction of future values.
We also merge together the models (2.1) and (2.2) by considering a dynamic hierarchical process, composed by two stages. The first one models bank rates on loans as a time-varying function of monetary rates by using seemingly unrelated regressions, thus emphasizing how monetary transmission has changed over time in different geographical ares, starting from the assumption that interest rates on different loans are correlated. The second one explains the residual component obtained by the first stage, by means of multiple dynamic models, relating it to country-specific macroeconomic indicators, again in a time-varying framework.
The proposed models 2.2.1 Seemingly Unrelated Dynamic Linear Models
We have anticipated that the relationship between bank rates and monetary rates has radically changed during the last years, reaching a situation of almost-zero monetary rates. In order to better analyze how bank rates react to changes in monetary rates, and to understand how this reaction changes over time, simple linear models can be enriched with a dynamic structure.
Dynamic linear models are a particular class of state-space models, in which the regression coefficients are allowed to vary over time: for an introduction, see, e.g., Petris et al. (2009) . More formally, since we consider N different countries and three different kinds of loans, let us introduces two sets, V = {1, ..., N } and W = {1, 2, 3}, and let the index i be i ∈ W × V . The dynamic equations can thus be expressed as follows:
where the quantities (ǫ i t , ω i k,t , ω i β,t ), for t = 1, ..., T , are assumed to be independent from each other. Equation (2.3) can be rewritten in a compact form: by using the following substitutions,
3) becomes:
The previous model consists of N ×3 independent equations, each of them referred to a different kind of loan in a specific country. Such independence hypothesis can be relaxed, since we assume that, within each country, interest rates on different kinds of loans similarly react to changes in monetary rates. In order to take into account the hypothesis that, within each of the N countries but not across them, 6) where, again, F t = 1 M R t and G = I 2 . Furthermore, since we want the levels k t and the slopes β t to evolve independently, we consider W as a block-diagonal matrix, whose two blocks (W k , W β ) can be obtained through (2.3).
Hierarchical Dynamic Models
Dynamic linear models are very adaptive to past data, since the time-dependent parameter k t , which describe the dynamic levels of bank rates, moves to capture most of the variability unexplained by the regressors, thus becoming, de facto, a latent explanatory variable (factor). It is interesting to explain such latent variable k t through a set of regressors, again in a dynamic framework. The model proposed in (2.6) can be enriched with a further stage, thus becoming a hierarchical dynamic model, specified by the following:
where 8) being the vector X = (X h 1,t , ..., X h p,t ) an ensemble of country-specific economic variables. From equation (2.7) it is clear that the state vector Θ h t , derived through the seemingly unrelated dynamic regression, is itself modeled by a multiple dynamic linear model. This allows to understand which are the main economic country-specific components able to describe the dynamics of the bank rates not explained by the monetary rates. It can also be used to understand the elasticity of the slope coefficient that relates monetary to bank rates.
Parameter Estimation and Model Adequacy
All the parameters included in both state vectors Θ h t and Γ h t have to be estimated through a two-stages process, according to the hierarchical structure introduced in (2.7).
As previously described, the first stage consists of a double step: a dynamic model, which provides the estimated parametersΘ and their variances, through which we can obtain the final estimation Θ. According to Petris et al. (2009) , we can define the following: 9) where D t−1 denotes the information provided by the first t−1 observations BR 1 , ..., BR t−1 . In such a way the log-likelihood can be derived, as a function of the unknown parameter vector Θ:
where f t and Q t both depend implicitly on the vector Θ. The previous expression can be numerically maximized in order to obtain the maximum likelihood estimator of the unknown parameters' vector Θ;
(2.11)
Moreover, denoting by H the Hessian matrix of −ℓ(Θ), the inverse
provides an estimate of the variance of the estimator. Once the parameters k t and β t have been estimated, together with their errors ω k,t , ω β,t , future values for k and β can be calculated. Nite that the difference in the estimation between dynamic models and seemingly unrelated dynamic regressions stands in D t−1 : while in the first case it includes identity matrices for V and W , in the second one it includes the estimated variances for BR t (in V ) and for the parameters k t and β t (in W ) obtained with the first step. We remark that similar estimation procedure can be applied to parameter estimation of the second stage of the hierarchical process (multiple dynamic models).
In order to predict future values of the parameters in the state vector Θ 
Future values for the parameters included in Γ i t can be estimated through the same procedure.
Finally, in order to predict bank rates, we need to estimate reasonable future values of monetary rates. Consistently with the literature, we assume that their variations follow a Wiener process.
More formally, assume that we want to predict the level of monetary rates for each of the next 12 months. Let ∆M R q indicates the variation of the monetary rate in a given month. We then assume that all the ∆M R q are independently and identically distributed Gaussian random variables, so that:
(2.13) Equation (2.13) describes a recursive procedure to obtain predictions of the monetary rates for a given year ahead, based on the Wiener process assumption. We can then insert the predicted monetary rates as regressor values in the models of the previous Subsection and, thus, obtain predictions for the administered bank rates. Bank rates are thus predicted as:
(2.14)
The estimation of the state vector Θ i t , based on the second stage of the hierarchical process in (2.7), can be achieved by similarly applying equation (2.12) for estimatingΓ i t , and thus deriving future values for Θ i q as follows:
where as X h q,z we will consider the forecasts of that economic variable made by official institutions (such as the European Central Bank and the International Monetary Fund).
It is important to test whether the addition of the hierarchical two-stages model improves the one-stage model. In order to compare them on the same playing field, we will run two kinds of test: an in-sample test, based on the MANOVA Wilk's Λ, and an out-of-sample test, based on Root Mean Square Errors (RM SE) and on Mean Absolute Percentage Errors (M AP E). We use M AP E, together with RM SE, since it is less sensitive to occasional large errors and it allows for comparisons between different measure scales.
3 Data analysis and results
Descriptive analysis
The recent financial crisis has had a major impact on the banking sector and, in particular, has led to a change in the relationship between monetary and administered rates. In the Eurozone, characterized by one monetary authority (the European Central Bank), that regulates still fragmented national markets, this effect is particularly evident: southern european countries, differently from what expected, have benefited very little from the drop of monetary rates that has followed the financial crisis.
To investigate the above issues we focus on seven european countries: France, Germany, Ireland, Italy, the Netherlands, Portugal and Spain.
Accordingly, we have collected from the ECB public database, monthly time series data on monetary rates and on aggregate bank administered rates on lendings, divided into three categories: (a) loans to non-financial corporates up to 1 Mln euros, shown in Figure 3 .3. For the purposes of our analysis, the monetary rate used in this paper is the 3-months Euribor. Note that such disaggregation of interest rates on loans to non-financial corporates can roughly be interpreted by saying that the first category represents loans to small-medium enterprises, and the second one represents loans to large corporates.
From Figure 3 .1 interesting behaviours emerge: firstly, interest rates on loans in all countries, together with monetary rates, have strongly increased during the financial crisis of 2008, while dropping the following year. Secondly, the gap between such two rates has increased, since monetary rates are now very close to zero while interest rates on loans have remained quite high, even if they show a decreasing trend in 2014. Finally, interest rates on loans in core countries (France, Germany and the Netherlands) are very similar to each other, while the situation is more heterogenous in peripheral countries, with Portugal presenting the highest values during the entire period and Ireland being characterized by a strong volatility and an independent time-evolution after 2010. Figure 3 .2 reports interest rates on loans to non-financial corporates over 1 Mln euros. Firstly, it is interesting to observe that, in absolute values, such interest rates are much lower than in the previous case, consistently with the assumption that loans to small-medium enterprises are riskier than loans to large corporates. Secondly, also this kind of interest rates has strongly increased during the financial crisis, decreasing in 2009. Finally, differently from before, all countries seem to have similar behaviours, strongly volatile in the short term but, on long run average, almost stable: again, Portugal presents a peculiar time-evolution, especially after 2010, characterized by very high and unstable values. Figure 3 .3 reports interest rates on loans to households for mortgages. As for loans to non-financial corporates over 1 Mln euros, this category of interest rates presents lower values with respect to loans to small-medium enterprises. However, the main peculiarity of this last rates consists in their completely heterogeneous behaviours after 2009: in the latest years, in fact, a common evolution pattern between different countries can not be detected, as well as, in each country, such time-evolutions are characterized by continuous changes. In particular, Italy, Portugal and Spain suffered an increase in interest rates during their sovereign crisis of 2012, while such increase is anticipated in Germany (2011) and hardly visible in France and the Netherlands; moreover, in France, Germany, Italy and the Netherlands interest rates on loans to households started decreasing in 2014, while such a trend can not be identified in the remaining countries.
From the above Figures it is clear that the relationship between bank rates and monetary rates considerably changes over time for all types of lendings. Indeed, further analysis shows that, for small-medium corporate loans, the relationship is almost linear in all countries before the financial crisis of 2008; it remains so only in Germany and the Netherlands after the crisis. For large corporate loans, instead, core countries present a linear relationship during the entire period, while peripheral ones show a non-linear relation after the financial crisis. Family loans follow the pattern of small-medium corporate loans, with the Netherlands behaving as France and peripheral countries. In order to better understand how interest rates on different kinds of loans and in different countries are correlated to each other and with 3-months Euribor, Table 3 .1 reports correlation coefficients between them. In Table  3 .1 corp1 refers to interest rates on loans to non-financial corporates up to 1 Mln euros, corp2 refers to interest rates on loans to non-financial corporates over 1 Mln euros and fam refers to interest rates on loans to households for mortgages. Table 3 .1: Correlation coefficients between interest rates on loans and 3-months Euribor Table 3 .1 shows interesting results. Firstly, by looking at the diagonal blocks, one can notice that, within each country, correlations between different kinds of loans are all positive and very high, meaning that a seemingly unrelated dynamic model has to be preferred with respect to a simple dynamic model in which different lending type rates are considered independently from each other. Secondly, by looking at the cross correlations between different countries, such relationships remain positive but lower: this suggests that, to avoid further complexity, lending rates of different countries can be assumed to be independent. Finally, by looking at the correlations between interest rates on loans and the 3-months Euribor, one can conclude that all interest rates on loans are positively and strongly related to monetary rates: again, Portugal and corp1 in Spain represent the only two exceptions, being characterized by very low correlations.
Seemingly Unrelated Dynamic Regression
For the model proposed in Section 2.2.1, we now show the corresponding estimation of the regression coefficients. As previously described, we first compute the dynamic model, deriving the coefficientsk i t andβ i t obtained considering each regression model independently from the others, for each i ∈ V × W . After that we calculate, for each country, the variance-covariance matrices between such coefficients, obtained for the three kinds of loans:
), for h ∈ V and {1, 2, 3} ∈ W . These results, together with the variance-covariance matrix of the dependent variable BR h t , V h = Var(BR 1,h , BR 2,h , BR 3,h ), are used to derive the regression coefficients of the seemingly unrelated dynamic model described in (2.6).
The time-evolutions of the two estimated regression coefficients are presented in Figures 3.4 , 3.5 and 3.6. More precisely, Figure 3 .4 refers to interest rates on loans to non-financial corporates up to 1 Mln euros, Figure 3 .5 refers to interest rates on loans to non-financial corporates over 1 Mln euros, Figure  3 .6 refers to interest rates on loans to households for mortgages. Figure 3 .4 shows on the left the evolution of the intercepts k h t and, on the right, the evolution of the coefficients β h t , which explain the time-varying elasticity of the monetary rates in the explanation of bank interest rates on loans to non-financial corporates up to 1 Mln euros. From the analysis of the curves, important conclusions emerge. First, the contribution of monetary rates in the determination of bank rates has remained almost constant in all Figure 3.5 shows on the left the evolution of the intercepts k h t and, on the right, the evolution of the coefficients β h t , referred to bank interest rates on loans to non-financial corporates over 1 Mln euros. From the analysis of these results an important difference with respect to the previous case can be detected: in all countries, the contribution of monetary rates in the determination of bank rates on loans to large corporates is much higher than the one referred to interest rates on loans to small-medium enterprises, as the residual component, expressed by k h t , is much lower. Moreover, the time evolution of β h t is constant in almost all countries, with the exception of France and, to a lesser extent, of Italy. In addition, a common pattern between the time evolution of the intercepts k h t can not be identified after Jan 03 Jan 04 Jan 05 Jan 06 Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14 Jan 03 Jan 04 Jan 05 Jan 06 Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14 
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Jan 03 Jan 04 Jan 05 Jan 06 Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14 Figure 3.6 shows on the left the evolution of the intercepts k h t and, on the right, the evolution of the coefficients β h t , referred to bank interest rates on loans to households for mortgages. Similarly to the previous two kinds of loans, the coefficients β h t look almost constant in all countries and during the whole period, with the exception of France. By looking at the coefficients k h t , the situation is extremely heterogeneous across different countries, both before and after the financial crisis.
To summarize, from the seemingly unrelated dynamic model, proposed in (2.6) and analyzed in this Section, the most important conclusions are as follows. 
Hierarchical Dynamic Models
In this Subsection we apply the hierarchical procedure proposed in (2.7) to the intercept coefficients k h t previously obtained through the seemingly unrelated dynamic model, to take into account country-specific macroeconomic effects in the explanation of the time-varying parameters.
We propose the following three regressors: interest rates on 10-years government bonds, aggregate interest rates on deposits and annual variations of GDP. This choice is due to both practical and economical motivations. Firstly, they all are publicly available data, so this analysis can be replicated. Secondly, interest rates on government bonds can be considered as a proxy for sovereign risk; interest rates on deposits, together with interest rates on loans, define the income of the banking sector in each country; annual variations of GDP describe, at the country level, the overall risk of the corporate sector. Consistently with interest rates on loans, all the variables described so far have monthly frequencies and have been collected from the ECB database, from January 2003 until December 2014. We remark that GDP variations are quarterly published, so we have applied linear interpolation to obtain monthly data.
In order to better understand how these explanatory regressors have evolved in time, Figure 3 .7 shows interest rates on 10-years government bonds, Figure 3 .7 shows aggregate interest rates on deposits, and Figure 3 .7 shows annual GDP growth rates, in the seven considered european countries. Figure 3 .7 shows a great differentiation between european countries after the financial crisis of 2008. In the first period, in fact, interest rates on Jan 03 Jan 04 Jan 05 Jan 06 Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14 Dec 14 It is important to observe the peculiar case of France, whose bank rates on deposits have not been subject to great changes during the entire period, remaining, on average, almost constant. Figure 3 .9 represents the economic growth evolutions of the seven european countries and shows many similarities across them. All GDP growth rates, in fact, dropped during both the financial crisis and the sovereign crisis: among them, Germany and France suffered less the sovereign crisis of 2012, while the situation is reversed for Italy, Portugal and Spain. Finally, it is interesting to observe the strong GDP growth in Ireland, started in 2013 after the important package of reforms introduced by the Irish government in order to recover from their dramatic crisis. In order to understand how the exogenous variables previously described are related to each other, to interest rates on loans and to monetary rates, Table 3 .2: Correlation coefficients between country-specific regressors and interest rates on loans exogenous country-specific variables, showing interesting results. Firstly, one can notice that there is a clear difference between core and peripheral countries. France, Germany and the Netherlands are characterized by high and positive coefficients between rates on government bonds and interest rates on loans: this is consistent with the fact that, if bond rates increase, sovereign risks increase and, consequently, loan rates increase. Such correlations, however, are very low or negative in Ireland, Italy, Portugal and Spain. Secondly, the GDP growth rate is negatively related to interest rates on loans in all countries, consistently with the fact that when the economy improves, the demand for loans increases and, consequently, interest rates on loans decrease. After having described the variables involved in the second step of the hierarchical model, we now show the corresponding estimation of the regression coefficients for the model proposed in (2.7), with
and where Θ h t , the dependent variable, is the vector of the regression coefficients derived in Section 3.2. We remark that, since the coefficients β h t previously obtained are almost constant, this second step of the hierarchical procedure will be applied only to the intercepts k
, with h ∈ V and {1, 2, 3} ∈ W . The time-evolutions of the four regression coefficients are presented in Figures 3.10, 3.11 and 3 .12. More precisely, Figure 3 .10 refers to interest rates on loans to non-financial corporates up to 1 Mln euros, Figure 3 .11 refers to interest rates on loans to non-financial corporates over 1 Mln euros, Figure 3 .12 refers to interest rates on loans to households for mortgages. We remark that, in each Figure, only significant regressors have been plotted: this implies, for example, that Germany does not appear in the following graphs since its Θ ger t does not significantly depend on exogenous variables.
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Jan 03 Jan 04 Jan 05 Jan 06 Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14 t , thus representing how these components are important in describing the time evo-lution of bank rates on loans that has not been fully captured by monetary rates. Firstly, one can notice that the coefficients α are now almost constant, meaning that they can be interpreted as the fixed, long-run average components of bank rates, not explained by other exogenous variables. Secondly, interest rates on government bonds seem to have a significant effect only in France, Ireland and the Netherlands during the entire period, and in all countries after 2012. The contribution of interest rates on deposits is particularly significant in Italy and Spain during the whole years, while, since 2012, it started decreasing in France and increasing in Ireland and Spain. Finally, the contribution of the GDP growth rate became more significant after the financial crisis of 2008, not only for peripheral countries but also for France.
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Jan 03 Jan 04 Jan 05 Jan 06 Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14 t for loans to non-financial corporates over 1 Mln euros. By looking at the residual parts α t , two conclusions emerge: firstly, in all countries the estimated coefficients are almost constant; secondly, they are significantly lower than the ones obtained in the previous case. This is a further confirm of the fact that interest rates on loans to large corporates are much more explained by monetary rates, as well as they have a lower long-run average value since this kind of lending activity is riskier. As in the previous case, the contribution due to interest rates on deposits is very high in peripheral countries, especially in Portugal, meaning that, in such economies, banks adjust interest rates on loans to large corporates (assets) according to the ones on deposits (liabilities), or vice-versa, thus equilibrating their interest margins. The contribution of the GDP growth rates is almost zero in France and Spain, while it is strongly decreasing in Italy and Portugal.
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Jan 03 Jan 04 Jan 05 Jan 06 Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14 for loans to households for mortgages. Differently from loans to corporates, in this case the residual components α t are constant only in Portugal and Spain: they show a weak decreasing evolution in Italy, and a strong increase in France, Ireland and the Netherlands, meaning that, in these countries, a further level of explanation should be investigated. The contribution of interest rates on government bond is significant in all countries with the exception of France, even if shows very heterogenous behaviors, not only across different geographical areas but also across time. The most interesting result regards the contribution of interest rates on deposits: γ 2 , in fact, presents high values and similar evolutions in France and the Netherlands, while in Ireland it started increasing after the financial crisis, showing an even faster increase after the reform of the banking system of 2013. Italy, Portugal and Spain, on the other hand, are characterized by low values. Finally, the contribution of GDP growth rates shows two distinct patterns: on one side, France and Italy are characterized by a monotonic decreasing trend, while Portugal and Spain have similar, more stable behaviours.
As previously observed, France presents a peculiar situation since its coefficients β t , derived with the first seemingly unrelated dynamic model, are time-varying for loans to big firms and households. By computing the multiple dynamic regression described in this Section also on such two coefficients, the results show that these stickiness parameters, which explain the contribution of monetary rates in the transmission mechanism to bank rates, significantly and negatively depends on interest rates on deposits.
To summarize, from the dynamic hierarchical model proposed in (2.7) and analyzed in this Section, the most important conclusions are as follows. Germany lending interest rates depend only on monetary rates, and this is consistent with its role as the pivotal country of the Euro Area. The behavior of the Netherlands is similar to that of Germany for the corporate sectors but, for households, there is an additional effect of sovereign bond rates and of bank deposit rates, which are the result of the bank search for a profit margin. The behavior of France is mixed between core and peripheral countries. On one hand, large corporate rates are affected only by monetary rates, as in Germany and the Netherlands. On the other hand, household rates are affected by deposit rates and GDP variations, as it occurs in peripheral countries. Furthermore, small corporate rates are affected by sovereign bond rates, deposit rates and GDP variations, as in peripheral countries. Italy, Portugal and Spain, besides the previously mentioned ones, also show a dependence of large corporate rates on deposit rates and GDP variations. This is consistent with the bank search for a profit margin and with the pricing that affects corporate risk. Last, the behavior of Ireland is close to that of peripheral countries in the pre-crisis period, and to that of core countries in the latest years.
Model Adequacy
After having estimated the coefficients of the seemingly unrelated dynamic model and of the multiple dynamic regression, we are able to predict monthly administered bank interest rates for 2014. In order to compute such predictions, we firstly estimate the parameters of the two dynamic models according to (2.12); secondly, we use a range of monetary rates scenarios, simulated from a Wiener process as described in (2.13), in order to obtain future values for monetary rates; thirdly, for the regressors that appear in the multiple dynamic model, we calculate an average of the official forecasting measures made by financial institutions (ECB and IMF). Figure 3 .13 reports the predicted interest rates on loans, in the different countries, made by using the hierarchical model (2.7).
From Figure 3 .13 one can firstly notice that the hierarchical dynamic procedure proposed in this work predicts quite well future values of interest rates on loans, in almost all countries. France, Germany, the Netherlands and Spain are the ones with the highest predictive performance for the three kinds of loans. Ireland presents some problems in the case of loans to households. This is due to the fact that, as shown in Figure 3 .12, the intercept α of the multiple regression model has started strongly increasing in 2013 (after the bank reforms approved by the government). In Portugal the same problem regards loans to small-medium enterprises, because of the strong and unpredictable decreasing contribution of interest rates on bonds and interest rates on deposits in 2014, and loans to large corporates, because of the strong increase contribution of interest rates on deposits in the last year.
In order to test whether the hierarchical model has improved the explanation of bank interest rates on loans with the one-stage model, we have performed two kinds of tests, as described in Section 2.3: an in-sample test (Wilk's Λ test) and an out of sample test (RM SE and M AP E measures). Table 3 .3 reports the coefficients Λ referred, respectively, to the nonhierarchical process (λ 1 ) and to the results obtained with the complete hierarchical model (λ 2 ). Table 3 .4: RM SE, M AP E and the percentage improvement of the model, obtained by using only the first stage (RM SE 1 ) or both the stages (M AP E 2 ) of the hierarchical process Table 3 .4 provides a further confirmation of the performance improvement introduced in the methodological framework with the hierarchical model. Furthermore, by looking at the root mean square errors, it seems that France, the Netherlands and Spain are characterized by the lowest errors, consistently with Figure 3 .13. However, by concentrating on percentage measures (M AP E), the situation changes, showing more homogeneous results, with both Italy and Portugal significantly affected by worse predictions. The greatest improvements in the model can be detected for loans to non-financial corporates up to 1 Mln euros in France and Spain, loans to households in Ireland and loans to non-financial corporates over 1 Mln euros in Italy.
By comparing these results with Figure 3 .10, we can conclude that, in France, the contribution of interest rates on government bonds in the explanation of bank rates on loans to small-medium enterprises is crucial. Similarly, in Spain the most important components for determining interest rates on loans to small-medium enterprises are interest rates on deposits and the GDP growth rate. By looking at Figure 3 .11, in Ireland interest rates on loans to households are mostly dependent on interest rates on deposits, while in Italy the explanation of interest rates on loans to large corporates mostly rely on the GDP growth rate, especially after the financial crisis of 2009.
Conclusions
The paper has two main methodological contributions. Firstly, it introduces a dynamic model able to capture the evolving relationship between bank and monetary rates, taking into account correlations between different kinds of loans within each country. Secondly, it proposes a hierarchical model, to understand how country-specific macroeconomic factors may have different effects on the monetary transmission. Both models perform quite well from a predictive viewpoint.
The application of the methodology shows that the proposed models are able to explain the heterogenous transmission mechanism of monetary rates according to specific temporal and geographical contexts. Moreover, it shows that the financial crisis and the sovereign crisis have differently affected the time dynamics of bank interest rates on loans, with the former leading to homogenous reactions in all countries and the latter causing a clustering effect between peripheral and core countries.
The effect of monetary rates on bank rates is different according to different lending types: large corporate loans are the most affected, whereas small-medium corporate loans and household loans depend less on monetary rates and more on country-specific macroeconomic factors, such as interest rates on deposits and GDP variations. This dependency can be explained, respectively, as the consequence of the bank need for returns, mostly determined by interest spreads, and as the impact of corporate and family risk.
The dependence of bank rates on monetary rates considerably varies also across countries. In core countries, such as Germany and the Netherlands, bank rates depend almost exclusively on monetary rates and, therefore, the transmission of monetary policy is expected to be effective. In peripheral countries, instead, all lending rates depend on bank risk, corporate risk and, more recently, sovereign risk, as reflected by deposit rates, GDP variations and sovereign bond rates. Hence, in these countries, the transmission of the monetary policy appears to be more problematic.
Further research work should take into account correlations between countries, so to investigate how monetary policies can affect and prevent the transmission of systemic risk. Other geographical areas should also be considered to verify the validity of the model in a more general context. From a methodological viewpoint, parameter estimation could be performed by means of Bayesian methods, which will allow model uncertainty to be taken into account.
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